What is already known about this subject?
1. The majority of existing studies on this topic are based on cross-sectional data.
2. Studies from the US consistently show a linear relationship between the number of maternal work hours and risk for overweight and obesity in children. However, the evidence for this association in other countries is less conclusive.
3. Father's work hours have not previously been associated with risk for overweight and obesity in children What this study adds?
1. The study shows that maternal work hours 35 or more per week was associated with an increased risk for overweigh or obesity in preschool children.
2. Fathers' work hours play an important role when they are jointly examined with mothers' work hours.
3. The study contributes longitudinal evidence for the link between maternal work hours and childhood overweight and obesity in Germany, a different social welfare regime than other developed countries.
Abstract
Background: Most existing studies on maternal employment and childhood overweight/obesity are from the US. They are predominantly cross-sectional and show a consistent linear association between the two. Less is known about the joint impact of fathers' and mothers' work hours on childhood overweight and obesity Objectives: To examine the impact of maternal and paternal work hours on overweight/obesity among 1-6 year old children in Germany, using longitudinal data.
Methods: Child body weight and height and their parents' work hours were collected for 2,413 children at age 0-1, ages 2-3, and ages 5-6. Overweight and obesity was defined using the BMI percentiles based on the Cole LMS-Method. Random-effects model was conducted, adjusting for demographic, socioeconomic, and health characteristics of parents and children.
Results: Compared to non-employment, when mothers worked 35 or more hours per week, the risk for child overweight and obesity increased among preschool children. When fathers worked 55 or more hours per week, this effect was strengthened and maternal part-time hours (24-34 per week) also became a risk for child overweight and obesity. The effect was mainly found in high income families.
Conclusions: Both mothers' and fathers' long work hours matter to young children's overweight status. Employment protection and work time regulation for both working parents during the first 6 years of the child's life should be considered in future policy.
INTRODUCITON
The rapid increase in childhood overweight and obesity in the last four decades worldwide coincide with rising maternal employment in developed countries. This co-occurrence has drawn much research attention to the link between the two trends. [1] The vast majority of existing studies [2] [3] [4] [5] [6] [7] [8] [9] [10] focused on US children. Fewer studies were conducted in Europe and elsewhere. [1, [11] [12] [13] Emerging evidence suggests that the association between maternal work hours and child body mass index (BMI) differs between the US and other developed economies. Research in the US typically shows a linear association between the number of mothers' work hours and the likelihood of childhood overweight or obesity, [2] [3] [4] [5] [6] 10] implying that any maternal employment is a risk for overweight or obesity in children. However, studies conducted in Australia and Europe show a nonlinear relationship, suggesting a possible threshold of maternal work hours for child bodyweight. [1, [12] [13] [14] A non-US perspective is therefore needed to consider how mothers' time constraints from paid employment may amplify risk for childhood overweight, especially given high prevalence of children with overweight and obesity [15] and weak social support for working parents in the US relative to other developed countries. [16, 17] The reasons for increased childhood obesity risk with maternal working hours are likely to be similar in the US and other developed countries: As mothers increase their market work hours, they have less time and energy for preparing healthy meals and to engage children in adequate physical activities. However, more generous family support in other developed countries, such as cash transfer and tax breaks may enable working families to purchase household services (e.g., meal preparation and home-based child care) and afford good quality child care. Such family support measures may mitigate the negative effect of maternal work hours on child bodyweight, thus making the effect non-linear, whereby not any maternal employment but only long work hours above a certain threshold that becomes a risk for child overweight. The threshold may be a tipping point where mothers' times constrains and stress associated with increased work hours can no longer be counter-balanced by family support measures.
Despite extensive literature on the association between maternal employment and childhood overweight and obesity, only a handful of studies used longitudinal data, [1, 3, 4, 10] thus limiting our understanding of the causal nature of this association. Further, fathers play an important role in child health and development [18] [19] [20] and the link between fathers' work hours and child health warrants more in-depth analysis. Previous studies generally show that fathers' work hours, analysed as a separate predictor, bear no significant relationship with child bodyweight. [6] This is because the majority of fathers work full time and there is far less variation in paternal work hours compared to mothers' work hours. Limited research has investigated the joint effect of both parents' work hours on child bodyweight and it showed that fathers' work hours did matter, when they were analysed jointly with mothers' work hours. [1, 4, 13] Despite this suggestive evidence for joint parental work time impacts, current research and policy remains focussed on mothers' work, potentially underestimating the contemporary drivers of childhood overweight and obesity.
This study focused on the preschool years as this is a critical developmental stage for growth in child BMI. Among US children the steepest increase in body weight occurs during the first five years of life. [4] Maternal work hours have a greater impact on child BMI and diet quality during preschool period than later years. [4, 21] This is because healthy eating in children begins early in life and takes time to develop as children need to develop a taste for healthy food and learn to conform to parental guidance for healthy eating habits. It requires parental time and energy to help children develop healthy eating patterns early and to maintain them through childhood and adolescence.
The connection between parental work hours and child overweight may be confounded by parental socioeconomic, demographic, and health factors, which can co-vary with both parents' work hours and child body weight. The impact of parents' long work hours may be mediated by decreased child diet quality, less physical activity and child sleep pattern [6, 9] because long maternal work hours may constrain mothers' time devoting to such health promoting activities in children.
The present study focused on Germany for several reasons. Germany is not only different from the US but also different from other European countries in terms of family support policy. Family support in cash benefits and tax breaks amount up to 20% of household income in Germany, similar to Belgium and Hungary. [12] Despite the predominant male-bread winner model in Germany (meaning many German fathers work long full-time hours), various policy measures have been implemented to enable greater labour force participation of mothers with dependent children. These measures include increases in state-owned day care centres with low fees for young children, generously paid paternal and maternal leaves in the first year of a new born child. Partly as a response to these support measures, maternal employment has been increasing since 2000 up to 66% in 2012. [22, 23] Hence increasingly more families face the challenge for re-conciliating work and
family. Yet research on the relationship between both maternal and paternal work hours and child BMI remains scarce in Germany despite the policy need.
We are aware of only two other studies on this topic for Germany. Gwozdz et al. [12] analysed maternal employment (full-time versus part time) and childhood obesity (aged 2-9) in 16 regions of eight European countries including Germany. The findings show no significant relationship between maternal employment and childhood obesity in Germany and other European countries, except for Cyprus. Meyer [22] analysed two nationally representative German datasets and found that full-time maternal employment (=> 32 hours per week) was associated with higher risk for childhood overweight. These two studies have provided important information on the link between maternal employment and child BMI in Germany. However, both studies were based on crosssectional data. The Gwozdz et al. study [12] was also based on a non-representative sample of German children. Neither study analysed preschool children separate from older children or examined the joint effect of mothers' and fathers' work hours on child body weight. German fathers spend on average 2.7 hours on a week day and 5.7 hours on a weekend on child rearing activities of preschool children in the West (2.5 and 6.6 hours respectively for the East). [24] Paternal share of child rearing activities is likely to decrease when fathers work long hours, which would increase maternal stress associated with juggling work and family. This could magnify the influence of maternal work hours on child health.
In light of the limitations of previous research, this study aimed to examine the relationship between mothers' work hours and overweight among preschool children ages 1-6 in Germany and interactions between fathers' and mothers' work hours, using longitudinal and nationally representative data from the German Socioeconomic Panel Study (SOEP) between 2003 and 2014.
The analysis adjusted for a wide range of socio-economic and demographic factors and parent and child health characteristics.
METHODS

Data
This study uses the data from the SOEP Study, which is a representative multi-purpose panel survey of private households in Germany, conducted by the German Institute for Economic Research (DIW) that started in 1984. [25] . The SOEP uses several modes of data collection with face-to-face interviewing as the default. All household members aged 16 and older are interviewed every year, with their consent to participate, on a wide range of subjects, including employment, income, housing, health and subjective well-being. Since 2003, the SOEP respondents report the health characteristics of their children (including body weight and height). This information is reported by the mother using the mother-child questionnaire when the child is 0-1, 2-3, and 5-6 years old. Both parents were interviewed at each time point. Parents were asked to report (but not to measure) the current height and weight of their children.
We compared the BMI scores of the study sample with the distribution of child BMI in Germany. [26] Outliers (BMI <= 10 or >=25 for ages 0 to 6) were excluded from the analysis. Our (Tables S1 and S2 ).
Variables
Outcome variable
To define childhood overweight and obesity we first calculated BMI as body weight/body height² (kg/m²). We then used the gender-age specific BMI-percentiles in all German children to identify overweight and obesity for our study sample, namely 90 to 97 percentiles as recommended by Kromeyer-Hausschild et al. [26] The percentile distribution was constructed based on the LMS method by Cole. [27] A dichotomous variable was constructed (1= overweight or obesity; 0=normal) as we were mainly interested the qualitative change in BMI from normal to overweight or obesity which has more direct health consequences than continual increase in BMI. Children who are overweight or obese are more likely to suffer from health problems even before they enter adulthood, including high blood pressure, early symptoms of hardening of the arteries, type 2 diabetes, nonalcoholic fatty liver disease, polycystic ovary disorder, and disordered breathing during sleep [28, 29] . They are also at higher risk for anxiety and depression, lower self-esteem, bully and stigma [29] .
Main independent variables
Mothers' and father's weekly working hours were analyzed as categories rather than continuous variables because previous studies in Germany suggest a non-linear association between mothers' work hours and childhood obesity. [12, 22] Mothers' weekly working hours were: (0) not employed, (1) 1-24 hours, (2) 25-34 hours, (3) 35 or more hours. Fathers' working hours included (0) not employed, (1) 1-34 hours, (2) 35-44 hours, (3) 45 or more hours. Not employed was used as the reference group for both mothers and fathers. These different categories of working hours for mothers and fathers reflect the gender-specific employment patterns in Germany.
In all models we controlled for potential confounders such as net household income, maternal and paternal years of schooling, their age, migration background (0=no, 1=yes), smoking (0=not smoking, 1=smoking) and fathers' and mothers' BMI score (weight/height² (kg/m²)). Other covariates included the region (0=West Germany, 1= East Germany), child age (in month), child age 2 , child gender (0=male, 1=female), child care attendance (0=no, 1=yes), the number of children in the household, and whether or not the parents were cohabiting (0) or married (1).
Analytical methods
We used logistic panel regression models. While the random-effects (RE) and fixed-effects (FE) models both have their respective advantages and weaknesses, [30, 31] we chose the RE model as it takes into account both within and between individuals/households variation [32] . We were interested in understanding not only within but also between individuals/households variation in both parents' work hours and child overweight, which are of interest to readers and policy makers.
We stratified the analysis by fathers' long work hours with three different cut offs: <45 vs => 45, <50 vs =>50 and <55 vs =>55 per week. We also stratified the analysis by household income: below vs. above the median of the income distribution in the sample. We added clustered standard errors at the household level to account for possible clustering of child observations in the same household.
Our study was based on secondary data from the German Socioeconomic Panel (SOEP) Study. The SOEP data are accessible to researchers employed in all German institutions and abroad without ethics committee approval. Our study was submitted to the Ethics Committee of the WZB Berlin Social Science Center (where the study was located) and it was exempted from ethics review.
RESULTS
Sample characteristics
About 5% of children had a BMI in the overweight or obesity category in infancy and this rose to 12.4% at ages 2-3 and 11.85% at ages 5-6. Mothers' employment changed substantially when their newborns became toddlers and 5-6 year olds. During infancy, about 84% mothers were not employed, and this decreased to 46.6% and further down to 32.8 % when the child reached 2-3 and 5-6 years of age, respectively. The proportion of mothers who worked part-time and full-time both increased considerably over the three periods: at ages 0-1 9.4% of mothers and at ages 5-6 about 44%
of them worked 1-24 hours per week.; similarly, the proportion of mothers who worked 35 or more hours increased from about 5% when the child was 0-1 year old to 17% when the child reached ages 5-6.
In contrast, fathers' employment status and working hours changed far less during these child developmental periods. When the child was in infancy, about 11% of the fathers were not employed and this decreased to 8.8% when the child aged 2 to 3 and further down to 6.5%. Similarly, we observe only a small change in the proportion of fathers who worked part-time (1-34 hours per week) and long hours (e.g., 45 or more hours per week). Notably, more than 40% of the fathers worked 45 or more hours per week before their children entered school.
Multivariate results
The estimates from the pooled random-effects model are shown in To examine the interactive effect of fathers' work hours on childhood overweight, we stratified the analysis by fathers' long work hours (=>45 or =>50, or =>55 per week). The results showed that in both strata, maternal work hours of 35 or more per week were associated with higher odds of overweight or obesity in children, compared to when mothers were not employed ( for overweight or obesity in families above the income median (Table 3) . However, among families below the median, maternal work hours were not associated with an increased risk for childhood overweight or obesity. We have also estimated the model with the thresholds 40% and 60% of the median income. The results were largely consistent with those from the model using income median:
it was only among households that were above either 40% or 60% of the median income that maternal work hours of =>35 was linked to increased risk for child overweight or obesity (OR=1.63, 95% CI=1.09-2.44, p=0.03; OR=1.62, 95% CI=1.09-2.43, p=0.03). Below these alternative thresholds, maternal work hours =>35 was not statistically significant.
The effect of maternal long work hour on child body weight may change with child age. To address this concern, we examined the interaction between maternal work hours (=>35) and the time points when the child was 0-1, 2-3, 4-5 years of age. We found that the effect of maternal work hours (=>35) on the outcome variable was larger when the child reached ages 2-3, but it did not differ between ages 0-1 and 4-5 or between ages 2-3 and 4-5.
DISCUSSION
Main findings
Our results show that there is a threshold effect of maternal work hours (=>35 per week) on overweight and obesity in preschoolers, and that such an effect needs to be considered in context of fathers work patterns. When fathers worked very long hours (=>55 hours per week), this effect strengthened; moreover maternal part-time hours (24-34) also became a risk for child overweight.
We also found that the effect of mothers' work hours differed by family income: among families above the income median, mothers work hours of 25-35 or 35 or more per week were linked to higher odds of childhood overweight or obesity, compared to being not employed; however there was no comparable association among families below the income median.
How are our findings related to previous research?
Previous research in Germany suggests three potential mechanisms linking maternal employment to child BMI: children's diet quality, physical activity and sedentary behavior. [12, 22] Gwozdz et al. [12] found that maternal full-time employment was associated with fewer home meals consumed but with more high energy intake in children ages 2 to 9. Meyer [22] showed that maternal full-time employment was associated with decrease in consumption of fruits and vegetables but increases in soda drinks and processed food; it was also positively associated with longer time spent watching TV or playing video games. These potential mechanisms and sleep patterns need to be examined in mediation analysis to elucidate to what extent they indeed explain the maternal work-child weight association in Germany. Previous research based on the US data only showed a weak mediating effect of these factors on child BMI. [5] [6] [7] Our finding that the effect of mothers' long work hours was more pronounced when fathers worked long hours is consistent with previous studies which have analysed fathers' and mothers' work hours jointly. [1, 4, 13] Li and co-authors [1] found that the effect of maternal long work hours on child overweight and obesity strengthened when fathers worked 45 hours or more per week in an Australian cohort. We examined three different definitions of fathers' long work hours (≥45, ≥50, ≥55) and there appeared an increasing trend in effects of maternal work hours as the threshold of fathers' long work hours rose. Particularly, when fathers worked =>55 hours per week, the effect of maternal work hours (25-34 and =>35) on the risk for child overweight was augmented. Thus fathers' work hours do matter to child bodyweight, when they are examined jointly with maternal work hours.
However, due to the small size and wide confidence intervals for the stratified models paternal work hours (≥50 and ≥55), this finding needs replication in larger representative samples of German preschoolers.
We found that maternal full-time work hours was associated with higher risk for childhood overweight and obesity only in families with medium to high income, but not in families below the income median. Previous studies based on US samples showed similar results.[2, 6] Anderson et al. [2] offer some explanations for this differential effect: when mothers from high income families spend more time with their children by working fewer hours, they are more likely to promote high quality diet and physical activities for children than mothers from low income families. In Germany, maternal work hours did not matter to child body weight for low income families as much as for high income families possibly because low SES parents are less knowledgeable and therefore less concerned about children's diet quality and physical activities. Thus even when low SES mothers have more time by working fewer hours, they are not more likely to promote high quality diet and physical activities for children than when they have less time by working more hours.
Strength and limitations
The main strengths of our study are that we analyzed longitudinal and nationally representative data, examined the interaction between mothers' and fathers' work hours, and adjusted for a host of important covariates. Much of previous research on this topic is based on cross-sectional data, thus limiting researchers' ability to make causal inferences. By analyzing longitudinal data we moved one step further by establishing the time sequence in the causal pathway, minimizing reverse causality. The study has also limitations. The child BMI was calculated based on parent-reports of child weight and height, which could lead to some bias. We were unable to examine the potential mechanisms as discussed above due to lack of data. Our study focused on child overweight and obesity, but underweight can be a pathological response to long parental working hours. Moreover, parental psychopathology is also a risk for child unhealthy body weight [33] and this factor might mediate or exacerbate the negative effect of long parental work hours on child heath. These issues warrant future investigation.
Despite these weaknesses, our study contributes longitudinal evidence for non-linear association between maternal work hours and childhood overweight and obesity. The study suggests that fathers' work hours do matter to child health, when they are jointly examined with mothers' work hours. It demonstrates that the impact of long work hours of both parents on overweight emerges in infancy and throughout the preschool period.
Policy implications
Employment protection and work time regulation for both working parents during the first 6 years of the child's life should be considered in future policy. Government investment in raising or maintaining the quality of child care centers, particularly in provision of healthy food and adequate physical activities, would help working parents manage child diet and physical activity. While we need to continue to support working mothers (e.g., equal pay, good quality childcare), we also need to support men to have time to care without suffering a job or pay penalty. Policies that encourage fathers to spend more time with their children (leave, flexible or reduced hours) and be more active in healthy food provision will help take the pressures off mothers. We need to tackle the widespread belief that it is fair or feasible for parents to work long hours without compromising health (including children's). All models controlled for household income, mother's education, father's education, mother's age, father's age, mother's BMI, father's BMI, mother's smoking status, father's smoking status, mother's migration background, father's migration background, married/cohabiting status, sampling region, child gender, child age, child age 2 , child care attendance, number of children in household. +: p<0.1; *: p <0.05; **: p <0.01 Fathers' and mothers' work hours and childhood overweight and obesity (ages 0-6) 
